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(54) Apparatus for early detection of Ischemic Heart Disease

(57) A monitor for early detection of an ischemic

heart disease of a patient comprises an impedance

measurement means (1) including electrode means for

measuring an intracardiac impedance and generating a

corresponding impedance signal. A notch detector (3)

is connected to the impedance measurement means for

detecting the occurrence of a notch in the impedance

signal coincident with the entry of blood into the ventri-

cle. A pattern recognition means (4) is provided to com-

pare the measured post-notch impedance curve with a

stored predetermined reference impedance curve tem-

plate to detect an ischemic heart disease from the result

of the comparison.
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Description

Technical Field

[0001] The present invention relates to a monitor for

early detection of an ischemic heart disease of a patient

comprising an impedance measurement means includ-

ing electrode means for measuring an intracardiac im-

pedance and generating a corresponding impedance

signal, and a notch detector connected to said imped-

ance measurement means detecting the occurrence of

a notch in said impedance signal coincident with the en-

try of blood into the ventricle.

Background

[0002] A monitor of the above defined kind is de-

scribed in WO 02/43587.

[0003] Congestive heart failure (CHF) is a fast grow-

ing health problem that mostly affects only adults. In this

condition the heart is unable to pump enough blood to

meet the need of the body's organs. Among the most

common causes of CHF can be mentioned coronary ar-

tery disease, causing myocardial ischemia, myocardial

infarction and cardiomyopathy. During ischemia the car-

diac relaxation, i.e. diastolic, is changed or disturbed be-

cause the cardiac muscle is stiffened. A disturbed di-

astolic phase or diastolic failure is a very early kind of

congestive heart failure, such that at this early state it

might not even appear as symptoms to the patient. De-

tection of these early signs of disturbed relaxation pat-

terns is described in the above mentioned WO
02/43587.

[0004] Early detection of ischemic heart disease

(IHD) is required since that will give opportunities to pre-

vent life threatening complications. By using a parame-

ter such as diastolic intracardiac impedance IHD will be

detected at a much earlier stage and myocardiac con-

sequences such myocardial infarction (Ml) and CHF
may be prevented.

[0005] IHD prevents normal cardiac function because

oxygen supply to the cardiac muscle is too low. In the

acute stage of global cardiac ischemia (after 1-2s), re-

laxation failure occurs in the diastole (filling phase) as

the myocardial tissue stiffens from lack of oxygen, fol-

lowed by contraction failure (after 1 0s), increased filling

pressures (after 20s), changes in ECG (after 25 s) and

angina (30 s). Even if global ischemia is removed after

a few seconds and oxygen supply is fully recovered, the

disturbed relaxation may remain for hours or days. The

diastole portion of the cardiac cycle seems to be the

most sensitive parameter for IHD since it is effected first

and residue effects remain for a long period after oxygen

supply is restored. Cardiac tissue stiffness caused by

IHD prevents adequate passive ventricular filling. The

heart will try to compensate for this decreased filling by

a largely increased atrial contraction. The atrial contri-

bution to the ventricular filling in relation to passive filling

will thus increase and this is often seen as an inverted

Early filling/Atrial contribution (E/A) quotient in echocar-

diographical measurements of mitral blood flow. Figure

1 shows schematically the early filling E and the atrial

5 contribution A of mitral value blood flow for a normal

healthy heart and an abnormal heart suffering from IHD.

[0006] When IHD progresses it may lead to Ml, CHF
and/or the patient's death. In fact early detection of IHD

can serve as an early marker for CHF risk factor.

w [0007] Detection of the start of the diastolic phase by

a "notch" detection is described in the above mentioned

PCT/SE01/02615, cf. also Brian R. Pickett et. al., The

American Journal of Cardiology, Vol. 71, May 1, 1993,
" Usefulness of the Impedance Cardiogram to Reflect

15 Left Ventricular Diastolic Function ", which describes a

study of the correlation between a dip in a non-invasively

measured impedance and Doppler measurements for

diastolic studies showing the appearance of a notch in

the impedance signal corresponding to early diastole of

20 a cardiac cycle.

[0008] The intracardiac impedance reflects the blood

volume in the heart chambers, and the purpose of the

present invention is to provide a monitor for early detec-

tion of an ischemic heart decease as described above
25 by studying the measured intracardiac impedance curve

during a selected portion of the cardiac cycle related to

said notch.

Disclosure of the invention

30

[0009] This purpose is obtained by a monitor of the

type defined in the introductory portion of the description

and having the characterizing features of claim 1

.

[001 0] The above discussed increased stiffness of the

35 heart tissue caused by IHD is reflected in the shape of

the post notch portion of the measured impedance curve

and this phenomena is thus utilized in the monitor ac-

cording to the invention for early detection of a ischemic

heart decease.

40 [0011] Generally the impedance curve has a plateau

after the notch, which for IHD patients is followed by a

dominating decrease coinciding with atrial contraction,

indicating that the atria of these IHD patients are trying

to compensate for the reduced passive ventricular fill-

45 jng. To detect this decrease, according to an advanta-

geous embodiment of the monitor according to the in-

vention, a differentiating means is provided to calculate

the time derivative, dZ/dt, of the impedance curve, and

the pattern of recognition means is adapted to compare
50 the shape of the time derivative in the post notch portion

of the impedance curve with a predetermined reference

impedance derivative template.

[0012] According to other advantageous embodi-

ments of the monitor according to the invention a calcu-

55 lation means is provided to calculate, for each cardiac

cycle, an ischemic heart decease index, ZIHD-index,

defined by
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ZIHD-index = AZ
1
/AZ2

where AZ
1
denotes, for each cardiac cycle, the dif-

ference between a maximum value of the measured im-

pedance and the impedance value measured in a pla-

teau occurring in the impedance curve after the notch,

and AZ2 the difference between the impedance value in

the plateau and a minimum value of the measured im-

pedance in an impedance decrease following the pla-

teau, for detecting an ischemic heart disease from the

calculated ZIHD-index. The ZIHD-index indicates the

ratio between the passive filling and the contribution

from the atrium to the ventricle filling. With the ZIHD-

index the progression and degree of IHD can be moni-

tored and the degree of cardiac compensation for the

IHD can be calculated. The more the atrium is compen-

sating for reduced passive ventricular filling the more

advanced is the IHD. Atrial compensation is feasible on-

ly to a certain point and the more IHD progresses the

more enlarged the atrium will become and the risk of

atrial defibrillation AF is increased. By monitoring the Zl-

H D-index development of AF problems can be avoided.

Alternatively to the monitoring of the ZIHD-index a first

comparison means can be provided to compare the ab-

solute value |AZ
1

1
of AZ

1
and/or the absolute value |AZ2 |

of AZ2 with a predetermine AZ
1
threshold value and/or

a predetermined AZ2 threshold value respectively. AZ2

is a measure of the function of the atrium and by moni-

toring AZ2 it is possible to observe how the disease is

advancing.

[0013] The post-notch plateau is not always a hori-

zontal plateau and some patients have an overshoot af-

ter the notch. It is therefore advantageous, according to

still another embodiment of the monitor according to the

invention, to provide a first averaging means to deter-

mine an average value of the measured impedance

curve in a predetermined time window after the notch

for use as a plateau impedance value. The delay of said

window after the notch is selectable and the length of

the time window is preferably in the range of 100-150

msec.

[0014] According to yet other advantageous embodi-

ments of the monitor according to the invention a loop

creator is connected to the impedance measurement

means and to the differentiating means to receive the

impedance signal and the first time derivative dZ/dt of

the impedance signal for plotting impedance values

against related time derivative values to form a loop for

each cardiac cycle, and a third comparison means is

connected to the loop creator for comparing the loop

with a predetermined loop template to detect an ischem-

ic heart disease from the result of the comparison. The

third comparison means is preferably adapted to com-

pare the shape of the loop in that part of the loop, which

corresponds to the post-notch portion of the impedance

curve, with corresponding part of the loop template. By

analyzing such a loop very clear indications can be ob-

tained of deviations indicating an ischemic heart dis-

ease.

[0015] According to still other advantageous embod-

iments of the monitor according to the invention a sec-

5 ond averaging means is connected to the impedance

measuring means for determining an average imped-

ance signal of impedance signals measured during a

predetermined number of cardiac cycles, and the pat-

tern recognition means is connected to the second av-

10 eraging means to compare the average value of the

post-notch impedance curves with the reference imped-

ance curve template. A third averaging means can be

connected to the differentiating means for determining

an average time derivative of impedance signals meas-
15 ured during a predetermined number of cardiac cycles,

and the pattern recognition means is connected to the

third averaging means to compare the average time de-

rivative of the post-notch portion of the measured im-

pedance curves with corresponding part of the refer-

20 ence impedance derivative template. The loop creator

is preferably connected to the second and third averag-

ing means to receive the averaging impedance signal

and average time derivative to form a corresponding av-

erage loop, and the third comparison means is adapted

25 to compare the average loop with the predetermined

loop template. By using average quantities in this way
in the detection of an ischemic heart disease the relia-

bility in the detection can be still improved.

[0016] To explain the invention in greater details an

exemplifying embodiment of the monitor according to

the invention with the described with reference to figure

5 on the drawings, on which figure 1 illustrates the ratio

between the early passive filling and the atrial contribu-

tion to the mitral valve blood flow for a normal heart and

an abnormal heart suffering from an ischemic heart dis-

ease, figure 2 shows results of impedance measure-

ments formed in a humans heart, figure 3 shows aver-

age value and standard deviation for a plurality of im-

pedance measurements, figure 4 illustrates use of the

first time derivative of the impedance curve for detection

of an ischemic heart disease, and figure 5 shows in the

form of the block diagram an embodiment chosen as an

example of the monitor according to the invention.

Description of a preferred embodiment

[0017] Figure 2 shows results of right ventricular im-

pedance measurements in four humans, viz. A) a 73

year old male, suffering from IHD and having a normal

ejection fraction EF of 70% (patient number 1 4), B) a 67

year old male, suffering from IHD and having a reduced

EF of 35% (patient number 6), C) a 24 year old male,

having no IHD and reduced EF of 42% (patient number

20), and D) a healthy 27 year old female (patient number

19).

30 Brief description of the drawings
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[0018] AC impedance measurements were per-

formed using measuring catheters of type USCI Baid

EP. Current was injected between a tip electrode posi-

tioned in right ventricular apex and a ring separated 1

0

mm from the tip. The resulting voltage response was
measured between the same two electrodes.

[0019] In figure 2 the average value and the standard

deviation for the measured impedance Z, the corre-

sponding quantities for the first time derivative of the im-

pedance curves dZ/dt, as well as a normalized ECG as

a function of time.

[0020] These measurements can be used to discrim-

inate IHD from non-IHD by using pattern recognition by

comparing the post-notch impedance curve or its time

derivative to "normal" impedance templates or "normal"

first time derivative templates.

[0021] From figure 2 appears that for humans suffer-

ing from IHD the measured impedance curve Z exhibits,

after the notch indicated in the figure by a vertical

dashed bold line, a plateau followed by the steep de-

crease. The impedance curve Z for a non-IHD human
has no such plateau and decrease, cf. diagrams C) and

D) in figure 2.

[0022] In the corresponding dZ/dt curves IHD mani-

fests itself as a distinct minimum in the post-notch re-

gion, encircled in diagram A) and B) in figure 2. Such a

distinct minimum cannot be traced in the dZ/dt curves

from non-IHD humans.

[0023] The measured Z and dZ/dt curves can be used

for creating loops as described in the above mentioned

PCT/SE01/02615 and IHD be detected by analyzing

that part of the resulting loops which correspond to the

post-notch portion of the impedance curves.

[0024] Figure 3 shows the average impedance curve

and the standard deviation from measurements on the

plurality of cardiac cycles for A) a IHD patient and B) a

healthy patient.

[0025] It appears from figure 3 that patients having

IHD, independent of EF status, exhibit a plateau after

the notch in the impedance curve Z followed by a dom-

inating, distinct decrease coinciding with atrial contrac-

tion. The position of the notch is marked in the diagrams

of figure 3 by a dashed, vertical, bold line. As discussed

above this decrease corresponds to the compensation

by the atrium for the reduced passive filling of the ven-

tricle of these patients.

[0026] The impedance curve Z for non-IHD patients

may also have a plateau like portion after the impedance

notch and atrial contraction may also be seen as a de-

crease in the impedance curve, but not as clear and

dominating as for IHD patients.

[0027] Discriminating IHD patients from non-IHD pa-

tients can be accomplished by calculating a ZIHD-index

= AZ
1
/AZ2

[0028] As appears from figure 3

AZ
1

= Z max " Z plateau

where Zmax denotes the maximum value of the im-

pedance curve in the notch region and Z
p | ateau the im-

pedance value of the post-notch plateau, and

5
AZ2

= Z
plateu " Zmin

where Zmjn denotes minimum value in the de-

crease following the plateau.

10 [0029] This index ZIHD is smaller for IHD patients, di-

agram A), than for non-IHD patients, diagram B).

[0030] The maximum value Zmax appears in figure 3

before the notch, however sometimes a maximum value

of the impedance after the notch can be used. For some
15 patients it can be suitable to use as maximum value Zmax

an average value of a maximum value occurring before

the notch and a maximum value occurring after the

notch, cf. figure 2A).

[0031] The plateau value Z
p | ateau can preferably be

20 determined as an average value of the measured im-

pedance curve in a predetermined time window after the

notch. The length of this window can suitably be in the

range of 1 00-1 50 msec and the location of the time win-

dow can be delayed more or less after the notch de-

25 pending on the appearance of the impedance curve in

the vicinity of the notch (occurrence of possible over-

shoots, etc.). The time from the occurrence of the notch

to the steep decrease in the measured Z curve is de-

pending on the heart rate, the length of the plateau de-

30 creasing with increasing heart rate. This must also be

taken into consideration when determining the length of

the time window.

[0032] Figure 4 shows the dZ/dt curves and the nor-

malized ECG:s of figure 2. From this figure it appears

35 that by using a suitably selected discriminating thresh-

old level, indicated by a horisontal dashed bold line after

the notch in the dZ/dt-curves, the large down-slope co-

inciding with atrial activity for IHD patients can be cor-

rectly detected. Thus for humans A) and B) the dZ/dt

40 curves decrease below the marked threshold value in-

dicating IHD, whereas for humans C) and D) the dZ/dt

curves never reach this threshold, indicating non-IHD.

[0033] Figure 5 shows a preferred embodiment of the

monitor according to the invention in the form of a block

45 diagram. The measured impedance Z, block 1, is sup-

plied to a notch detector 3, of the kind described in PCT/

SE01/02615. The notch detector 3 detects notch exist-

ence and timing in the measured impedance curve. The

pattern recogniser 4 detects the shape of the post-notch

50 impedance curve and compares it with a stored prede-

termined reference or normal impedance curve tem-

plate.

[0034] A differentiating means is provided to calculate

the first time derivative dZ/dt, block 2, which is also sup-

55 plied to the pattern recogniser 4 for comparison of the

shape of the dZ/dt curve in the post-notch portion with

a predetermined reference impedance derivative tem-

plate.
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[0035] dZ/dt is also supplied to a dZ/dt marker detec-

tor 5 for detecting the large negative dZ/dt-values of IHD

patients coinciding with atrial activity after detection of

a notch as described above, eg. by comparing dZ/dt with

a predetermined threshold value.

[0036] The ZIHD-index calculator 6 is calculating the

ZIHD-index = AZ
1
/AZ2 for use for distinguishing IHD pa-

tients from non-IHD patients as described above. With

the aid of the ZIHD-index the IHD progression or degree

can be monitored. Progressing IHD results in increasing

atrial compensation for reduced passive ventricular fill-

ing. However, this compensation is only possible to a

certain point. With still progressing IHD the atrium will

become enlarged and the risk of atrial defibrillation is

obvious. By monitoring the ZIHD-index future atrial de-

fibrillation problems can be avoided.

[0037] The embodiment shown in figure 5 also com-

prises a monitor and diagnostics unit 7 for collecting,

analyzing and storing measuring data. Sometimes the

notch does not appear clearly and might be difficult to

detect. Information from previous measurements on the

patient in question can in this case be used for locating

the decrease in the impedance curve corresponding to

atrial activity.

Claims

1. A monitor for early detection of an ischemic heart

disease of a patient comprising an impedance

measurement means (1 )
including electrode means

for measuring an intracardiac impedance and gen-

erating a corresponding impedance signal, and a

notch detector (3) connected to said impedance

measurement means for detecting the occurrence

of a notch in said impedance signal coincident with

the entry of blood into the ventricle, characterized

in that a pattern recognition means (4) is provided

to compare the measured post-notch impedance

curve with a stored predetermined reference im-

pedance curve template to detect an ischemic heart

disease from the result of the comparison.

2. The monitor according to claim 1 , characterized in

that said pattern recognition means (4) is adapted

to compare the shape of the post-notch portion of

the impedance curve with said impedance curve

template.

3. The monitor according to claims 1 or 2, character-

ized in that a differentiating means (2) is provided

to calculate the time derivative, dZ/dt, of the imped-

ance curve, and in that said pattern recognition

means (4, 5) is adapted to compare the shape of

said time derivative in the post-notch portion of the

impedance curve with a predetermined reference

impedance derivative template.

4. The monitor according to any of the preceding

claims, characterized in that a calculation means
is provided to calculate, for each cardiac cycle, an

ischemic heart disease index, ZIHD-index, defined

5 by

ZIHD-index = AZ
1
/AZ2

10 where AZ
1
denotes, for each cardiac cycle,

the difference between a maximum value of the

measured impedance and the impedance value

measured in a plateau occurring in the impedance

curve after said notch, and AZ2 the difference be-

15 tween the impedance value in said plateau and a

minimum value of the measured impedance in an

impedance decrease following said plateau, for de-

tecting an ischemic heart disease from the calculat-

ed ZIHD-index.

20

5. The monitor according to the claim 4, character-

ized in that a first comparison means is provided

to compare the absolute value |AZ
1 1

of AZ
1
and/or

the absolute value |AZ2 |
of AZ2 with a predeter-

25 mined AZ
1
threshold value and/or a predetermined

AZ2 threshold value respectively.

6. The monitor according to claims 4 or 5, character-

ized in that said maximum value of the measured
30 impedance is a maximum value located before the

notch in the cardiac cycle.

7. The monitor according to the claims 4 or 5, charac-

terized in that said maximum value of the meas-
35 ured impedance is a maximum value located after

the notch in the cardiac cycle.

8. The monitor according to the claims 4 or 5, charac-

terized in that said maximum value of the meas-
40 ured impedance is an average value of a maximum

value located before the notch in the cardiac cycle

and a maximum value located after the notch.

9. The monitor according to any of the claims 4 - 8,

45 characterized in that a first averaging means is

provided to determine an average value of the

measured impedance curve in a predetermined

time window after the notch for use as a plateau im-

pedance value.

50

10. The monitor according to the claim 9, character-

ized in that the delay of time window after the notch

is selectable.

55 11. The monitor according to the claims 9 or 10, char-

acterized in that the length of said time window is

in the range of 100-150 msec.

40
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12. The monitor according to any of the claims 3-11,

characterized in that said differentiating means (2)

is adapted to determine the slope of said imped-

ance decrease following the plateau in the imped-

ance curve from said time derivative, dZ/dt, of the

impedance signal, and in that a second comparison

means (5) is provided to compare said slope with a

predetermined slope threshold level.

13. The monitor according to any of the claims 3-12,

characterized in that a loop creator is connected

to said impedance measurement means (1) and to

said differentiating means (2) to receive said imped-

ance signal and said first time derivative dZ/dtof the

impedance signal for plotting impedance values

against related time derivative values to form a loop

for each cardiac cycle, and in that a third compar-

ison means is connected to said loop creator for

comparing said loop with a predetermined loop tem-

plate to detect an ischemic heart disease from the

result of the comparison.

14. The monitor according to claim 13, characterized

in that said third comparison means is adapted to

compare the shape of the loop in that part of the

loop, which corresponds to the post-notch portion

of the impedance curve, with corresponding part of

said loop template.

15. The monitor according to any of the preceding

claims, characterized in that a second averaging

means is connected to said impedance measuring

means (1) for determining an average impedance

signal of impedance signals measured during a pre-

determined number of cardiac cycles, and in that

said pattern recognition means (4) is connected to

said second averaging means to compare the av-

erage value of the post-notch impedance curves

with said reference impedance curve template.

16. The monitor according to any of the claims 3-15,

characterized in that a third averaging means is

connected to said differentiating means (2) for de-

termining an average time derivative of impedance

signals measured during a predetermined number

of cardiac cycles, and in that said pattern recogni-

tion means is connected to said third averaging

means to compare said average time derivative (4,

5) of the post-notch portion of the measured imped-

ance curves with corresponding part of said refer-

ence impedance derivative template.

17. The monitor according to claims 15 and 16, char-

acterized in that said loop creator is connected to

said second and third averaging means to receive

said average impedance signal and said average

time derivative to form a corresponding average

loop, and in that said third comparison means is

adapted to compare said average loop with said

predetermined loop template.

18. The monitor according to any of the claims 5-17,
5 characterized in that said first, second and third

comparison means are realised by one and the

same comparison means.

19. The monitor according to any of the claims 9-18,

characterized in that said first, second and third

averaging means are realised by one and the same
averaging means.

20. The monitor according to any of the preceding

claims, characterized in that said electrode means
comprises a bipolar ventricular electrode and in

that said impedance measuring means (1 ) is adapt-

ed to measure the impedance between electrode

tip and ring.

21. The monitor according to any of the claims 1-19,

said monitor being implantable, characterized in

that said electrode means comprises an unipolar

ventricular electrode and in that said impedance

measuring means (1 ) is adapted to measure the im-

pedance between electrode and monitor casing.

22. A heart stimulator comprising a pulse generator for

generating stimulation pulses for delivery to a pa-

tient's heart by means of electrode means adapted

for location in one or both of the lower chambers of

the heart, characterized by a monitor according to

any one of the preceding claims.

15
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